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Keratin was extracted from normal human horny cells 
of the leg, calluses of the sole, and psoriatic scales. After 
dissociation in sodium dodecyl sulfate the polypeptides 
were separated by Laemmli's gel electrophoresis method 
and their molecular weights and relative amounts deter-
mined. Normal horny cells contained 3 polypeptide 
chains of M,. 67K, 59K, and 57K, while those of callus 
contained 9 polypeptides of M,. 67K, 661{, 631{, 62K, 58K, 
54K, 52K, 48K, and 45K. In both cases all keratin poly-
peptides participated in filament reassembly in vitro and 
were recovered from the filaments. In psoriatic scale 
keratin, 7 prominent polypeptides were detected having 
Mr 67K, 59K, 57K, 50K, 48K, 42K, and 40K. The 67K 
polypeptide could not be recovered from reassembled 
filaments. Ultrastructural studies revealed that these 
filaments are imperfect and readily aggregate into thick 
fibrils. These observations indicate that there are sig-
nificant differences in composition of keratin of normal 
horny cells, calluses, and psoriatic scales. 
Several investigators studied keratin polypeptides of psoriatic 
scales in an effort to identify defective chains in abnormal 
keratin. Keratin was extracted with 8 M urea and reducing 
agent from normal horny cells scraped from the surface of 
different body regions or full-thickness stratum corneum or 
calluses and compared with that prepared from psoriatic scales. 
Thaler et al [1) and Inoue et al [2], using Weber and Osbom's 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) system, found 3 polypeptides in normal keratin. 
In psoriatic scale keratin, the heaviest polypeptide (67K) was 
not detected; it was demonstrable only by immunologic test. 
They noted that 2 unique polypeptides (57K and 54K) also 
appear in psoriatic scale samples. Skerrow and Hunter (3] used 
the same PAGE system and also obtained 3 polypeptides from 
normal keratin in which the lightest was greatly reduced in 
amount or absent. In psoriatic scale keratin samples, t he heavy 
chain (70K) was reduced or absent; "unique" polypeptides were 
not demonstrable. By the use of Neville's PAGE method, Baden 
et al [ 4) found 2 polypeptides (61K and 50K) in normal keratin 
of superficial horny cells and 4 polypeptides (67K, 59K, 51K, 
and 45K) in full-thickness stratum corneum. Psoriatic scale 
keratin separated into 4 polypeptides; the heavy chain (67K) 
was markedly reduced in amount. 
The above studies show that it is a common finding that the 
heavy keratin chain (70K or 67K) is absent or markedly reduced 
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in psoriatic scales. However it is not apparent whether t he 
other polypeptides are similar or different from those present 
in normal homy cells as each study has provided different data 
about the number, weight, and amount of keratin polypeptides 
contained by both normal and psoriatic homy cells. 
To obtain further information about normal and abnormal 
keratins, in the present study soluble proteins were thoroughly 
extracted from both normal and psoriatic horny cells. Subse-
quently keratin was dissociated and extracted with SDS-buffer 
containing reducing agent. Keratin polypeptides were also pre-
pared by using buffered urea to study reassembled filaments. 
For the characterization of polypeptides, Laemmli's SDS-
PAGE system [5] was used because it has been demonstrated 
[6] that this system provides a much better resolution than that 
used by previous investigators for the study of normal and 
psoriatic scale keratin. 
MATERIALS AND METHODS 
Stratum corneum was collected from the leg of normal individua ls 
by gentle scraping of the skin with a surgical blade; calluses were 
scraped or shaved from the sole. Scales were obtained from the trunk 
and extremities of patients with chronic psoriasis who had received no 
medication for a period of 2 weeks. The samples were examined under 
a dissecting microscope and the impuri t ies removed. Samples were 
stored at -20°C. 
Extraction of Soluble Proteins 
A 20-mg sample of the stratum corneum, pulverized callus, or pso-
riatic scales was suspended in 20 ml 50 mM Tris-HCI buffer, pH 8.0, 
conta ining 25 mM 2-mercaptoethanol (ME) and 2 mM phenylmethyl-
sulfonyl fluoride (PMSF) and soaked for l h at 22 °C. Subsequently, 
the sample was homogenized in a glass-Teflon homogenizer with 20 
strokes, the homogenate stirred for I 7 h at 37°C, and centrifuged at 
30,000 g for 1 h. Soluble proteins were precipitated from the supernatant 
solutions by adjusting the pH to 4.5 with HCI and the precipitate 
collected by centrifugation at 3,500 rpm for 30 min . The residu e was 
repeatedly extracted by the same procedure and the samples pooled. 
Dry weight determinations showed that 15-20% of normal stra tum 
corneum or callus, and 30-40% of psoriatic scales are extracted by this 
procedure. 
Extraction of Keratin 
The horny materia l remaining after extraction of soluble proteins 
was washed ·3 times with disti lled water, suspended in 5 ml Laemmli's 
sample buffer [5] containing I% SDS and 1% ME, and a llowed to stand 
for I h at 22 °C. The samples were then boiled for 6 min and the small 
residue removed by cent rifugation at 30,000 g for I h. The supernatant, 
which then contained the keratin polypeptides, was used for e lec tro· 
phoresis. Dry weight determinations showed that 95% of the residua l 
homy materials is extracted by this procedure. The small residue 
consisted of thickened envelopes of horny cells as revealed by electron 
microscopy. 
Preparation. of Fila.m.ent.-
Soluble proteins were extracted from stra tum corneum of the leg, 
calluses of the sole, and psoriatic scales as described above. S ubse-
quently, the residual horny materia l was suspended in 20 ml of 50 mM 
Tris-HCI buffer, pH 8.0, conta ining 8 M urea and 25 mM ME. and stined 
for 3 h at 37°C. The suspension was then centrifuged at 30,000 g for I 
h and the supernatant solution dia lyzed for 40 h at room temperature 
aga ins t 3 changes, 500 ml each, of 5 mM Tris-HCI buffer, pH 8.0. 
conta ining 25 mM ME. The filaments formed during dialysis aga inst 
the low ionic strength buffer were sedimented by centrifugation at 
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250,000 g for 2 h. D ry weight determina t ions showed tha t 65-70% of 
the residual materia l is solubilized in buffered urea solu tion and a bout 
85% of that is recovered as filaments. 
Gel Electrophoresis 
Samples and M ,. markers were dena tured by boiling for 6 min in 
Laemmli 's [5] sample buffe r conta ining 1% SDS a nd 1% ME . About 5 
!J.g was run in 9% polyacryla mide slab gels in the B io-Rad electropho-
resis appara tus at a current of 50 rnA (firs t 30 min a t 20 rnA). E lectro-
phoresis was performed un til the t racking dye, bromophenol blue, was 
about l em from the bottom of the ge l. T he dye posit ion was marked 
with India ink, t he gels were stained with Coomassie Brilliant B lue R-
250, destained, and s tored in 10% acetic acid. T he mobili ty of the 
s ta ined bands was measured and plotted on semilogarithmic paper fo r 
calcula tion of M,s. T he following proteins were obtained from P har-
macia F ine Chemicals and used as M,. s tandards: phosphorylase B 
(94K) , bovine serum albumin (68K), ova lbumin (43K ), and carbonic 
anhydrase (30K) . 
Densitometry 
Gels were scanned at a wavelength of 540 nm using the Gelman 
DCD-16 digita l compu t ing densitometer. T he values obtained were 
interpreted as rela t ive a moun ts of polypept ides assuming that the 
polypeptides of our sa mples have simila r color yields and that the 
in tensity of the s tain is a linear function of the a moun t of protein 
present [71. 
Electron Microscopy 
Reassembled filaments were spread on carbon-coa ted grids and 
negatively stained with 0.7% uranyl ace ta te solution. T he specimens 
were examined in a P hilips 300 electron microscope ca libra ted with a 
carbon gra t ing grid, us ing a double condensor system a t 60 kV. 
RESULTS 
Keratin 
Samples prepared from leg stratum corneum consisted of 3 
polypeptides having M,s 67K, 59K, and 57K. Such are shown 
in F ig 1. T he 67K polypeptide often appeared as a spreading 
band while the 59K and 57K polypeptides formed well-defined 
bands. Occasionally, 2 minor bands were seen corresponding to 
63K and 54K polypeptides. The band patterns of callus samples 
were significantly different. In most, 9 bands of polypeptides 
were detected, as demonstrated in F ig 2. M ajor polypeptides 
had M,s 67K, 66K, 63K, 62K , 58K , and 52K, a nd the minor ones 
54K , 48K, and 45K. In some gels, the 67K , 66K , 63K , and 62K 
polypeptides did not separate well; in their place a single 
spreading band appeared with a dense central line correspond-
ing to a 65K polypeptide. An example is shown in the inset of 
Fig 2 along with a well-separated sample. In well-separated 
samples, the major polypept ides accounted for 79% of total 
polypeptides. 
T he band patterns of psoriatic scale samples were ditferent 
from those obtained fro m samples of both leg stratum corneum 
and callus. In most gels, 7 ba nds of polypeptides were detected 
having M,s in the range of 67K, 59K , 57K, 50K, 48K, 42K, a nd 
40K (Fig. 3-PJ, P3). In some gels, 3 poorly defined bands also 
appeared, corresponding to 39K , 36K , and 35K polypeptides 
(Fig 3-P2 ). Densitometric scans indicated that the 57K , 50K, 
and 48K polyp~ptides represent the m ajor components of pso-
riatic scale keratin accounting for 65-71% of to tal polypeptides. 
Reassembled Filaments 
Filaments prepared from callus a nd psoriatic scale kerat in 
appeared in the electron microscope identical to those described 
in our previous publications (Figs 2 and 5 in [8,9], respectively). 
T he former were 4-9 nm wide. Most of the latter ranged in 
width from 9-21 nm; some were 40-50 nm t hick a nd revealed a 
disorderly substructm e. A regular pattern , such as described by 
T haler et al [10] was not seen in thick fil aments of our speci-
mens. The best-defined filaments were obtained from samples 
prepared fro m keratin of t he stratum corneum of the leg. These 
were relatively long a nd 6- 8 nm wide. 
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F rG l. Band patterns of stratum corneum keratin polypept ides 
(SCK) , reconst itu ted filaments (SCF), and M,. markers (ST ). 
The polypept ides recovered from leg stra tum corneum or 
callus fila ments form ed band patterns identical to those ob-
tained from corresponding keratin polypeptides, as shown in 
Figs 1 (SCF) and 2 (CF ). T he 67K polypeptide was absent 
from psoriatic scale filaments, a nd 39K, 36K, and 35K polypep-
tides were not detectable, as demonstrated in Fig 3 (F). 
DISCUSSION 
During the first part of this study, samples were prepared by 
different methods from normal and psoria tic horny cells a nd 
Weber and Osborn 's method was used for separation of poly-
peptides. Some of the gel patterns resembled those publish ed 
by previous investigators; others were different. H owever, after 
the establishment of the preparatory procedures described 
a bove a nd introduction ofLaemmli's SDS-PAGE method, well-
reproducible data were obtained. Most samples of normal horny 
cell keratin of the leg were separated in to 3 major ba nds of 
polypeptides. The polypeptides had M,. 67K, 59K, and 57K , a nd 
measurements of relative amounts gave ratios of 1.0:1.3:1.3, 
respectively. These data are comparable to those of Fuchs and 
Green [11] who used Laemmli 's SDS-PAGE method in their 
studies of normal horny cell keratin of neck, elbow, and thigh 
skin. Our studies of callus keratin show that it is significantly 
different from normal leg keratin. In most samples, 9 polypep-
t ides were detected, ranging from 67K-45K in M,.. Separation 
of callus keratin into 9 polypeptides has been previously 
achieved only by two-dimensional PAGE by Sun and Green 
[12]. 
S ince callus keratin consists of different polypeptides than 
leg keratin, it is apparent that it should not be used as a control 
to compare keratin polypeptides of normal and pa thologic 
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tissues. Accordingly, when psoriatic scale keratin is compared 
with norma l keratin of the leg, one finds that both contain 67K, 
59K , and 57K polypeptides. However, there are differences in 
their relative amoun ts. In psoriatic scale keratin one finds 
different ratios, such as 0.5:1.3:4.5, 2. 1:1.0:3.9, 1.5:0.3:5.3, and 
1.1:0.2:4.2. 
The 50K, 48K, 42K, and 40K polypeptides of psoriatic scale 
keratin do not appear in samples of normal keratin . These 
components a re more numerous and have lower M,.s than the 
2 "unique" polypeptides found by Thaler et al (1] in psoriatic 
scales. They are comparable to the low M,. polypeptides of 
Steinert et a l [13] detected in samples prepared fro m viable 
epidermal cells of the psoriatic skin . 
Our data thus indicate that variation of t he relative amoun t 
of high M,. polypeptides (67K-57K) and the presence of low M,. 
polypeptides (50K-40K) are characteristic features of psoriatic 
scale keratin. Although it is conceivable that postsynthetic 
degradation or a defect in protein synthesis (3,4,13] plays a role 
in formation of abnormal keratin , it is important to emphasize 
that data are not available about the exact mecha nism that is 
responsible for producing variations of relative amounts or 
forming low M ,. polypeptides in parakeratotic or viable epider-
mal cells of the psoriatic skin. Elucidation of such a mechanism 
would provide valuable information about formation of abnor-
mal keratin . 
The 39K, 36K, and 35K polypeptides that were occasionally 
seen in samples of psoriatic scale keratin do not represent 
keratin polypeptides because none has par t icipated in filament 
reassembly. These polypeptides are also present in samples of 
· the soluble fraction (Matoltsy AG, unpublished study, 1981) . 
.. 
ST CK CF 
FIG 2. Band patterns of callus keratin polypeptides ( CK), reconsti-
tuted fil aments ( CF), and M,. markers (ST). In set shows, on the left, a 
well -separated, and on the right, a poorly separa ted band pattern of 
callus keratin, the arrow points to 65K polypeptide. 
Pl P2 P3 F ST 
FIG 3. Band patterns of psoriatic scale keratin polypeptides (PI , P2, 
? 3 ), reconstituted filaments (F) , and M,. markers (ST). 
Hence, it is concluded that they represent minor contaminants 
that cannot be readily separated from keratin. The absence of 
a 67K polypeptide from psoriatic scale filaments has been 
previously noted. Thaler et a l (10] proposed t hat it is not 
detectable because of its low concentration in psoriatic scales. 
We cannot offer a satisfactory explanation for the absence of 
the 67K polypeptide from our filament preparation; studies are 
in progress to clarify this problem. 
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Induction of Pyrimidine Dimers in Epidermal DNA of Hairless Mice by 
UVB: An Action Spectrum 
RONALD D . LEY, PH.D., M EYRICK J. PEAK, PH.D., AND LORETTA L. LYON, B.S.* 
Biology Division, Oah Ridge National Laboratory (RDL, LLL), Oah Ridge, Tennessee, and Division of Biological and Medical Research, 
Argonne National Laborat01y (MJP), Argonne, Illinois, U.S.A. 
An action spectrum for the induction of pyrimidine 
dimers in the epidermis of hairless mice was determined 
between 288 and 307 nm. The presence of pyrimidine 
dimers in tritium-labeled DNA extracted from exposed 
SKH:hairless-1 mouse skin was determined u sing dimer-
specific nucleases from Micrococcus lute us in conjunction 
with sedimentation of the irradiated DNA in alkaline 
sucrose gradients. The rate of induction of pyrimidine 
dimers was maximal at 293 nm. T hese values were u sed 
to propose a UVB tran smission curve for mouse epider-
mis. 
Determination of the ultraviolet action spectrum for a given 
biologic effect is of value in the identification of the primary 
chromophores involved in the photobiologic actions. In the case 
of ultraviolet radiation (UVR)-induced skin carcinogenesis, it is 
generally accepted that wavelengths in the UVB region (280-
320 nm) are more effective than longer wavelengths; however, 
information on the relative efficiencies of t he various wave-
lengths in photocarcinogenesis is sparse. Early studies by Raffo 
[1) defined partially the effective wavelengths for the UVR-
induced skin cancer in rats exposed either to natural sunlight 
or to mercury-arc lamp emissions. He observed that window 
glass which filters wavelengths shorter than 320 nm also elimi -
nated the photocarcinogenic potency of these two sources of 
UVR. Studies by Freeman [2] using monochromatic wave-
lengths have confirmed these findings. Further, Cooke and 
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Johnson [3] measured the relative efficiency of 260, 280, 290, 
300, and 310 nm UVR for pyrimidine dimer induction in haired 
mouse skin, and showed a maximum at about 290 nm. However 
the precise shape of the photocarcinogenesis action spectru~ 
has not been determined. It has been proposed that the correct 
action spectrum to use for photocarcinogenesis would be one 
that coincides with the action spectrum for affecting DNA [ 4). 
There are many problems associated with the determination 
of wavelength dependency for the induction of skin cancer in 
experimental animals. For instance, monochromatic light must 
be generated of sufficient intensity to allow the irradiation of a 
large number of animals in a reasonable period of t ime. In 
addition, the quality of the monochromator must be such that 
scattered light is not a complicating factor. Once these two 
criteria ar e satisfied, the problem of selection of appropriate 
fluences at the various wavelengths remains to be resolved. 
Because of the absorption of UVR in the upper layers of the 
epidermis, surface fluences are of lit tle value in comparative 
studies of wavelength dependency for tumor induction. Free-
man [2], in his studies on tumor induction with monochromatic 
wavelengths, adjusted the surface exposure at each wavelength 
in proportion to the threshold fluence for erythema production 
in untanned human skin. This procedure assumes that the 
action spectra for carcinogenicity in mice and erythema in 
humans are the same. The tumor induction responses he ob-
served at 300, 310, and 320 nm would appear to support a 
similarity in action spectra; however, no tumors were induced 
by the 290-nm radiation at fluences that cause significant 
erythema in humans. Thus the wavelength dependency for 
skin-tumor induction did not precisely parallel that for ery-
thema induction. 
We wish to test the hypothesis that the action spectrum for 
photocarcinogenesis is the same for the induction of DNA 
damage [ 4]. In order to do this, skin surface fluences at each 
wavelength should be adjusted so as to induce the same level 
of DNA damage in basal cells (target cells for tumor induction) 
of the mouse epithelium. In this paper we report our studies on 
the wavelength dependency for the induction of pyrimidine 
dimers in the DNA of mouse basal cells exposed in vivo to 5 
monochromatic wavelengths in the UVB region. These initial 
results are essential for the selection of meaningful fluences to 
be used in future studies on the wavelength dependency for the 
induction of skin cancer in mice. 
